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157) ABSTRACT

A resistor paste comprising an inorganic component
which consists essentially of from 20 to 70 wt % of glass
. powder and from 30 to 80 wt % of a powder selected
from the group consisting of SnO; power, Sb-doped
SnO; powder and a mixture thereof, wherein the glass
powder consists essentially of from 12 to 50 wt % of
S$103, from 0 to 20 wt 9% of A1LOs, from 0 to 40 wt 9% of
MgQO, from 0 to 40 wt % of CaO, from 0 to 60 wt % of
SO, from 16 to 60 wt % of MgO + CaO + SrO, from 0
to 10 wt % of L1,0+ NayO+ K20+ Cs»0, from 0 to 10
wt % of PbO, from 0 to 20 wt % of ZnO, from 0 to 10
wt % of ZrO2+4TiO3, from 8§ to 40 wt % of B»0O3, from
0 to 60 wt % of TaxOs, from 0 to 50 wt % of Nb»Os,
from O to 60 wt % of Ta,Os+ Nb2Os, and from 0.1 to 20
wt % of Fe 03+ CuO+ NiO +CoO+MnO+MoQO3+-
W03+ Cr203+Bi203+CeO74-Sby03 4+ In034 SnOs.

3 Claims, 3 Drawing Sheets
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RESISTOR PASTE AND CERAMIC SUBSTRATE

This application is a continuation of application Ser.
No. 07/531,750, filed on Jun. 1, 1990, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a resistor paste com-
position and a ceramic substrate. More particularly, it
relates to a resistor paste comprising Si07-B;03 system
glass containing metal oxides, and SnQ> and/or Sb-
doped SnOj, which is useful for a ceramic substrate,
whereby even when fired in a non-oxidizing atmo-
sphere, 1t will not be reduced, and provides adequate
stability of e.g. resistivity.

2. Discussion of Background

Heretofore, the resistor in a hybrid integrated circuit
has been formed in such a manner that a silver (Ag) or
Ag-palladium (Pd) conductor is formed on or in a ce-
ramic substrate, and a resistor paste is printed between
the conductor patterns, followed by firing in an oxidiz-
ing atmosphere such as air at a temperature of from
about 850° to 900° C. The resistor paste used in such a
case used to be composed mainly of RuO; and glass.
However, recently, it has been common to employ a
copper (Cu) conductor instead of the Ag or Ag-Pd
conductor, from the viewpoint of the reliability in e.g.
migration. | |

However, the Cu conductor is oxidized unless it is
fired in a non-oxidizing atmosphere such as nitrogen. In
a non-oxidizing atmosphere, RuO; can not be used,
since it will be reduced and will not form a resistor in
such a non-oxidizing atmosphere.

Therefore, it has recently been proposed to employ a
combination of antimony (Sb)-doped tin oxide and glass
powder (Japanese Unexamined Patent Publication No.
119902/1987). However, such a combination still has a
drawback that the resistivity and the temperature coef-

ficient of resistivity (TCR) are not yet adequately sta-
ble. |

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
novel resistor paste and ceramic substrate, which can be
fired 1n a non-oxidizing atmosphere such as nitrogen
and which are able to provide a constant resistivity and
temperature coefficient of resistivity (TCR).

The present invention has been made to solve the
above-mentioned problems and provides a resistor paste
comprising an inorganic component which consists
essentially of from 20 to 70 wt % of glass powder and
from 30 to 80 wt % of a powder selected from the group
consisting of SnO; power, Sb-doped SnQO; powder and
a mixture thereof, wherein the glass powder consists
essentially of from 12 to 50 wt % of SiO,, from 0 to 20
wt % of Al,O3, from 0 to 40 wt % of MgO, from 0 to
40 wt % of Ca0, from 0 to 60 wt % of SrO, from 16 to
60 wt % of MgO Ca0O+SrO, from 0 to 10 wt % of
1104+ Na0+ K0+ Cs20, from 0 to 10 wt % of PbO,
from 0 to 20 wt % of ZnO, from 0 to 10 wt % of
ZrOy+Ti0O;, from 8 to 40 wt % of B>03, from 0 to 60
wt % of Ta;0s, from 0 to 50 wt % of Nb,Os, from 0 to
60 wt % of TaOs5+4+Nb20s, and from 0.1 to 20 wt 9% of
Fex034CuO+NiO 4 CoO+MnO+MoO34+WO3+C-
1203+ Bi;03+ CeO3 4 Sb203 4+ Iny03 4 SnOs.

The present invention also provides a ceramic sub-
strate having such a resistor paste fired thereon.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a graph showing the required range and the
preferred range of the amount of Ta;0Os relative to the
resistivity in the case where Ta30sis used alone (Nb;O-
5<0.1 wt %). |

FIG. 2 is a graph showing the required range and the
preferred range of the amount of NbyOs relative to the
resistivity in the case where Nb2Osis used alone (Ta)O-
5<0.1 wt %).

FIG. 3 1s a graph showing the required range and the
preferred range of the amount of Ta;0Os54 Nb,Os rela-
tive to the resistivity.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Now, the present invention will be described in de-
tail.

The resistor paste of the present invention is suitable
for use for a single layer or multi-layer ceramic sub-
strate, and is useful in such a manner that it is formed by
a method of e.g. printing, on a ceramic substrate such as
a fired and solidified alumina substrate, or on a green
sheet for a ceramic substrate, followed by firing in a
non-oxidizing atmosphere such as a nitrogen atmo-
sphere. In this specification, “%™ means ‘“wt %" unless
otherwise specified. In the resistor paste of the present
invention, the inorganic component consists essentially
of from 20 to 70% of glass powder and from 30 to 80%
of a powder of conductive material. These materials
will be described below.

The glass powder is preferably a sinterable SiO;—B-
203 system glass which has adequate fluidity at a low
temperature (e.g. at a temperature of not higher than
900° C.) and which is capable of covering and suffi-
ciently wetting the above powder of conductive mate-
rial at the time of firing.

If the content of such glass powder is less than 209,
the powder of conductive material can not adequately
be wetted, whereby the sintered layer will have void
pores, and strength of the resistor formed by firing the
resistor paste of the present invention will be low, and
the stability of the resistivity will be low. On the other
hand, if it exceeds 70%, the adhesion among the powder
particles of conductive material tends to be small,
whereby the resistivity tends to be high.

The glass powder in the present invention is prefera-
bly within a range of from 25 to 65% within the above
range.

On the other hand, as the powder of conductive ma-
terial, commercially available SnO; or SnO; having Sb
doped usually in the form of an oxide of Sb>0O3, may be
used alone or in combination, because such material has
high conductivity i.e. low resistivity, so that the resistiv-
ity of the resistor of the present invention which is a
composite of the conductive material and the glass, can
be adjusted to a desired level.

Sb-doped SnO; has a low resistivity as compared
with non-doped SnOa. The resistivity increases if the
doping amount increases to excess. When the resistance
according to the present invention is not higher than 10
M(}, the doping amount is suitably within a range of

from 0 to 20%, preferably from 0.1 to 15%, more pref-

erably from 1 to 10%, as calculated as an oxide of
Sb203. When the resistance according to the present
invention is higher than 10 MQQ, the doping amount may
be 20% or higher as calculated as an oxide of SbQs.
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With respect to the particle size of the glass powder
according to the present invention, if the particle size is
too small, the above resistivity tends to be too high, and
if it is too large, it becomes difficult to adequately wet
the glass, and void pores tend to increase in the sintered
layer, such being undesirable. The average particle size
should usually be within a range of from 0.5 to 6 um,
preferably from 1 to 5 pum.

On the other hand, if the particle size of the powder
of conductive material according to the present inven-
tion, 1s too small, the resistivity tends to be too large,
and if it 1s too large, the distribution on the ceramic
substrate tends to be non-uniform, and the variation in
the resistivity will be large, such being undesirable. The
average particle size should usually be within a range of
from 0.01 to 5 um, preferably from 0.05 to 3 um.

In the present invention, the glass powder consists
essentially of:

S10; 12-50%
AlLO; 0-20%
MgO 4+ Ca0 + SrO 16-60%
(MgO, 0-40%, Ca0O 0-40%, SrO 0-60%)

LiO + Na)O + K->0O + Cs50 0-10%
PbO 0-107
ZnQ 0-20%
2107 + TiO, 0-10%
B>0O; 840
Tar0Osx 0-60%
Nb>Os 0-509%
Tay0Os + NbaOs 0-60%
Metal oxides 0.1-20%

These components will be described below.

In such a composition, SiO; is a network former of
the glass, and 1f it 1s less than 129, the softening point
will be too low, whereby the heat resistance will be
low, and the glass will easily be deformed when it is
fired again, such being undesirable. On the other hand,
if 810, exceeds 50%, the softening point tends to be too
high, whereby the fluidity of glass tends to be poor at
the time of firing, and it tends to be incapable of cover-
ing and wetting the powder of conductive material.
Further, void pores in the sintered layer tend to be too
many, and the stability of the resistance will be poor. It
is preferably within a range of from 15 to 45%.

Al>O3 1s not essential, but when incorporated, it con-
tributes to the improvement of moisture resistance. If it
exceeds 20%, the softening temperature of glass will be
high, and the sinterability tends to be poor. It is prefera-
bly not higher than 18%.

MgO +Ca0O+SrO improve the solubility at the time
of the preparation of the glass powder and thus have a
function to adjust the thermal expansion coefficient. If
their content 1s less than 16%, the above solubility will
not adequately be improved, and devitrification is likely
to result during the preparation of glass. On the other
hand, if it exceeds 60%, the thermal expansion coeffici-
ent will be large, such being undesirable. Preferably, it
1s within a range of from 18 to 55%.

Further, in the above MgO+CaO+4 SrQ, if either
MgO or CaO is 40% or higher, the thermal expansion
coefficient tends to be too large. Preferably, it is within
a range of from 0 to 35%. In the above MgQO+4--
Ca0O+SrQ, if SrO 1s 60% or higher, the thermal expan-
sion coefficient tends to be too large. Preferably, it is
within a range of from 0 to 55%.

L1004 NayO 4+ K20+ Cs30 are not essential, but they
are effective for the improvement of the solubility of
glass and also have a function to increase the resistivity.
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If their content exceeds 10%, the thermal expansion
coefficient tends to be too large, the matching with the
substrate will be poor, and the possibility of cracking in
a thick film after firing increases. Preferably, it is not

more than 8%.
PbO is not essential, but it 1s effective as a flux compo-

nent for glass and has a function to increase the resistiv-
ity. If it exceeds 10%, the resistivity tends to be unsta-
ble. Preferably, it is not more than 5%.

ZnO is not essential, but may be incorporated up to
20% in order to improve the solubility of glass. Prefera-
bly, it is not more than 15%.

210, +TiO; are not essential. However, when they
are incorporated, the moisture resistance of the resistor
may be improved. It may be added up to 10%, prefera-
bly not more than 7%.

B>O3is used as a flux component. If 1t is less than 87,
the softening point will be high, the sintering tends to be
inadequate, and void pores in the sintered layer tend to
be too many. On the other hand; if it exceeds 40%, the
water resistance of glass will be low. Preferably, it is
within a range of from 10 to 38%.

Ta;0s5 and NbyOs are not essential components, but
they are useful for adjusting the resistivity and the tem-
perature coefficient of resistivity (T'CR). By the incor-
poration of TayOs and NbyOs, it is possible to shift the
resistivity to a higher direction and to shift TCR to the
positive direction. Their amounts are determined to
meet the desired resistivity. However, if Ta;Os exceeds
60%, or Nb7Os exceeds 50%, when manufacturing glass
vitrification tends to be difficult.

The required ranges and the preferred ranges of
Taz0Os, Nb>yOs and Tas0Os5-+NbyOs are shown in FIGS.
1, 2 and 3, respectively. The main points of these FIGS.
1 to 3 will be summarized as follows.

FIG. 11s a graph showing the required range and the
preferred range of the amount of TayOs relative to the
resistivity in a case where TajOs i1s used alone (Nb2O-
s<0.1 wt %).

FIG. 2 is a graph showing the required range and the
preferred range of the amount of Nb2Os relative to the
resistivity in a case where Nb;Os 1s used alone (Ta;O-
s<0.1 wt %).

FIG. 3 1s a graph showing the required range and the
preferred range of the amount of TayOs5+ Nb2Os rela-
tive to the resistivity.

Here, the combined use means that each of Ta>(Osand
Nb2Os is at least 0.19%. Namely, if one of them is less
than 0.1%, the other is regarded as a single use.

Respective ranges of Taz05 and Nb;O5 for desired levels of

resistivity (Either T2305 or NbaOs is used alone)

Tas0s (Wt %) NbOs (Wt %)
NbsOs < 0.1 wt % Tas0s < 0.1 wt %
Resistivity Required  Preferred  Required Preferred
(2/0) range range range range
10K 0-18 0.5-9 0-12 0.5-6
~100K 0-46 0.5-30 0-34 0.5-20
1M 0-60 0.5-50 0-50 0.5-45
10M 0-60 15-50 0-50 10-45
100M 0-60 _ 0-50 —
Respective ranges of TayOs and NbyOs for desired levels of
resistivity (Ta205 and NbsOs is used in combination)
Resistivity Ta;05 + NboOs (wt %)
(Q2/00) Required range Preferred range
10K 0.2-18 0.5-9
100K 0.2-46 0.5-30
IM 0.2-60 0.5-50
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-continued
10M 0.2-60 10-50
100M 0.2-60 —_

As the above metal oxides, Fe;O3, CuO, N1O, MnQ,
MoQOs;, W03, B1:0O3, CeO,, Co0O, Cry0O3, SH03, InaOs
and SnQO3, may be used alone or in combination. These
metal oxides have a function to adjust the resistivity and
the temperature coefficient of resistivity (T'CR) and to
improve the laser trimming properties. Preferred
among these metal oxides are NiO, MnO and Sb,0;.
Particularly preferred is NiO. The respective functions
will be listed below.

Fe>O3, Cu0, N10O, MnQ, Co0O, Cro0O3, SnO»,, SbrO;
and WQj are effective to lower the resistivity and shift
"TCR to the positive direction.

MoOj3 is effective to lower the resistivity and shift
TCR to the negative direction.

CeQ; 1s effective to increase the resistivity and shift
TCR to the positive direction. |

Bi;O3 1s effective to increase the resistivity and shift
TCR to the negative direction.

Iny03 is effective to increase the resistivity and shift
TCR to the negative direction.
~ Further, they are effective to improve the cutting
properties for the laser trimming to adjust the resistiv-
ity.

The respective amounts in the glass composition are
determined to meet the desired resistance, temperature

coefficient of resistivity (TCR) and laser trimming -

properties. However, if the total amount of the above
metal oxides is less than 0.1%, no substantial effects will
be obtained. On the other hand, if it exceeds 20%, the
resistivity drift in the high temperature storage test will
- be large, such being undesirable. Preferably, the total
amount is within a range of from 1 to 15%.

Among the above metal oxides, N1O, MnO and
Sb,O3 are excellent in the effects for adjusting the resis-
tivity and TCR and for stabilizing the resistivity drift.
Among them, NiO 1s most excellent.

The preferred ranges with their resistivity being not
more than 1M are as follows:

5107 1545%
AibO3 0-18%
MgO + CaO + SrO 18-55%
(MgO, 0-35%, Ca0 0-35%, SrO 0-35%) '

Li>O 4+ NasO 4+ K30 + CsyO 0-89%

PbO 0-5%

Zn0O 0-15%
ZrO; + TiO2 0-7%

B203 10-38%
TarOs - 0.5-50%
Nb,Os 0.5-45%
Tar0Os + NbOs 0.5-50%
Metal oxides - 1-15%

The resistor paste composition of the present inven-
tion is a mixture of the respective powders in the above
proportions. Now, a process for producing the resistor
paste of the present invention and a process for produc-
ing a thick film circuit using such a resistor paste, will be
described. |

An organic vehicle comprising an organic binder and
a solvent, is added to the above resistor paste composi-
tion of the present invention, and the mixture is kneaded

to obtain a paste. Such an organic binder includes ethyl

cellulose, acrylic resins, ethylene-vinyl acetate copoly-
mer resins and poly a-methylstyrene resins. Likewise,
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the solvent includes a-terpineol, butylcarbitol acetate,
butylcarbitol, 2,2,4-trimethylpentanediol-1,3-
monoisobutylate, and diethylene glycol di-n-butyl
ether. Further, a surfactant may be added as a dispers-
Ing agent.

Then, to form a conductor on a ceramic substrate
such as a fired and sohidified alumina substrate or on a
glass ceramic substrate, a conductive paste such a Cu
paste containing Cu as the main component, is formed
in a prescribed circuit pattern by a method such as
printing, followed by drying and then by firing at a

“temperature of from 800° to 1,000° C. for from 5 to 30

minutes in a non-oxidizing atmosphere such as a nitro-
gen atmosphere having an oxygen concentration of not
higher than about 20 ppm. The preferred ranges of this
firing conditions are from 880° to 920° C. for from 7 to
15 minutes. Then, the resistor paste of the present inven-
tion is printed at the predetermined portions for resistor,
followed by drying and then by firing at a temperature
of from 800° to 1,000° C. for from 5 to 30 minutes in the
above-mentioned nitrogen atmosphere. The preferred
ranges of this firing conditions are from 880° to 920° C.
for from 7 to 15 minutes.

In the case of firing a multi-layer ceramic substrate all
at once, ceramic green sheets for a ceramic substrate,
having the above Cu paste and the resistor paste of the
present invention already printed, are hot-pressed and
laminated, followed by firing all at once at a tempera-
ture of from 800° to 1,000° C. for from a few minutes to
a few hours in a non-oxidizing atmosphere such as the
above nitrogen atmosphere, to obtain a multi-layer sub-
strate. |

To the resistor paste of the present invention, a color-
ing pigment such as a metal oxide or heat resistant inor-
ganic pigment, may be incorporated for coloring in an
amount of from 0 to 5%.

Further, from O to 5% of a nitrate, arsenic oxide, a
sulfate, a fluoride or chloride may be added as a refining

agent or a melting accelerator at the time of preparing
the glass.

EXAMPLES

Starting materials for the glass powder of the present
invention were mixed in the proportions as identified in
Table 1, as calculated as oxides, and the proportions of
the metal oxides are shown in Table 2. Each mixture
was put into a platinum crucible heated under stirring at
a temperature of from 1,350° to 1,500° C. for from 2 to
3 hours. Then, the product was pulverized in water or
formed into flakes, and further pulverized by a pulver-
izer to an average particle size of from 0.5 to 6 pum to
obtain glass powder. Then, a powder of SnO; and/or
SnO; having Sb doped in an amount of 5% as calculated
as an oxide of Sby03, was adjusted to have an average
particle size of from 0.01 to 5 um. Then, such glass
powder and powder of conductive material were mixed
in the proportions as identified in Table ] to obtain a
composition of the resistor paste of the present inven-
tion. Then, to such a resistor paste, an organic vehicle
comprising ethyl cellulose as an organic binder and
a-terpineol as a solvent, was added, and the mixture was
kneaded to obtain a paste having a viscosity of 30X 10*
cps. Then, Cu was screen-printed as a conductor on a
solidified alumina substrate in a prescribed circuit pat-
tern, followed by drying and fining at 900° C for 10
minutes in a nitrogen atmosphere having an oxygen
concentration of not higher than 20 ppm.
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Then, at the prescribed portions for resistance, the
above-mentioned resistor paste was screen-printed by a
200 mesh screen, followed by drying and firing at 900°
C. for 10 minutes in a nitrogen atmosphere having an
oxygen concentration of not more than 20 ppm. The

film thickness after the firing was about 15 pym.
Thus, a circuit was formed on the ceramic substrate.

With respect to this circuit, the resistivity, the tempera-
ture coefficient of resistivity (TCR) and the resistivity
dnift after storage at a high temperature, were mea-
sured. The results are shown in Table 1. It is evident
from Table 1 that the resistor pastes of the present in-
vention are excelient in the resistance characteristics
and have adequate properties to be used as resistor
pastes for forming thick film circuits.

As Comparative Examples, similar evaluations were
conducted with respect to those other than the resistor
pastes of the present invention. These are shown in
Table 3.

The respective properties were measured by the fol-
lowing methods.

1) Resistivity and temperature coefficient of resistiv-

ity (TCR)

5
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The resistivity values (Ras, R.s5 and Rj25) at 25° C,,
—55° C. and +125° C. were measured by an ohmmeter
in a constant temperature tank, and the temperature
coefficients of resistivity were calculated by the follow-
ing formulas:

Cold TCR = ——22 — B35 o 106 (ppm/*C.)
= "Ras X (25 — (—55)) pm/ A
Ri2s — R
2 2 X 10° (ppm/°C.)

Hot ICR = (135 = 25)
2) Resistivity drift after storage at a high temperature
The test sample was left to stand in a constant temper-

ature tank of 150° C. for 100 hours, and the resistivity

drift was calculated by the following formula:

Rioon — Ro
T X 100 (%)

In the above formula, R100s=the resistivity after 100
hours, and Rg=the 1nitial resistivity.

TABLE 1

Examples

—
*J

Sample No.

3 4 5

Lo )
~)
0

Glass
composition
(%)

b
-
)
-

Si0»s

AlyOs3

MgO

Ca0O

SrO

LixO

NaxO

K20

Cs20

PbO

Zn0O

Zr0s

T30,

B,0O3

Tar0Os
Nb20Os
Metal oxides
Glass powder
Conductive

Sn0»s

Sb-doped

SnO»>

Gilass powder
Powder of
conductive

material

Resistivity (£1/0)
Hot TCR (ppm/°C.)
Cold TCR (ppm/*°C.)
Resistivity drift

(%)

- i
O O
Pemaall

oo 0o

[—
4
o )
o

hJ
COWLMOOWw\OOOOOO
b2
OO =0 =0 WO —MNO

[ %

Constitution 50

od &

2.0
1.0

Average
particle
size (um)

16K
+ 70
+ 80
+0.2

™
+ 150
+ 120

—0.8

Properties

45
0 10
10
10

N
Lh

1.5M
+30
+ 80
+0.5

COOCOOOO®— LN

30 20

3

OO WO WO OO0 OO0 WLNOOQ WL
Pk s
00 Uh

[—1
N

10

[ = ]
h
L
o P—
o O O

[—
Cad
-

Lad

R,
QO — OO0 00000 0O

5
0
10
30
0
0
0
0
0
0
0
30
0.5

o
O O 00wt b OO OO OO O

resent in Table 2
25

I
A

48

~J]
-

75 52
0 0

20
10 0

o8 BWoowvwooTooooou
Lh

1.0
1.0

2.0
0.05

2.0
0.5

0.6
5.0

1.0
0.1

1.5
0.2

15K
- 50
-~70
+0.2

7K
-+ 100
+30
+0.5

0K
+ 150
+ 160
+0.2

12M
—120
—100
~0.05

20M
+70
-+ 80

+0.8

Examples

Pt
o

Sample No. 9

11 12 13

| =
N
[ ]
¥

Glass
composition
(%)

Si0) 12
Al>O3 ]
MgO 0.5
Ca0 0.5
SrO 58 |
LiyO 0.5

Na»O 0.5

| €18 0.5

Csy0 0.5

PbO 0.5

Zn0O 1

2103 0.5

Ti0> 0.5

B>0Os 8

Tasr0Os 0.8

Nb2Os 14.5

—t fad
— g Uh

OCOWOOQOOO WU £

A ULh

50 30 22
3 0 16
2
15

|
N
L
o
it

L
-
Lh

QOO0 = et WO = AN =000 O ~IN

il
e O O OO0 000 O W

|

OO OO0 OO0
D

OO 00 N =000



5,202,292

TABLE l-continued

Metal oxides Present in Table 2

Constitution  Glass powder 38 45 47 38 45 52 35
Conductive
SnQO» 62 0 53 62 55 48 65
Sb-doped 0 35 0 0 0 0 0
SnO»

Average Glass powder 2.2 6.0 3.0 2.6 3.2 3.0 2.7

particle Powder of 0.5 1.2 0.8 0.2 1.0 0.5 1.0

size (um) conductive |
material | |

Properties Resistivity (2/0) 115K 150K 480K 3K 120K 620K 30K

| Hot TCR (ppm/°C.) + 100 -+ 180 - 130 — 50 —80 — 120 —250
Cold TCR (ppm/°C.) -+ 120 -+ 150 w160 — 30 — 100 - 150 —230
Resistivity dnft —0.7 +1.0 +0.8 +-(.2 (.8 —0.7 +1.0
(%)

| ____ Examples

Sample No. 16 17 18 15 20 21 22

Glass S107 15 15 20 17 12 15 17

composition  AlxO3 12 10 10 0 20 18 13

(%) MgO 0 20 5 0 20 2 0
Ca0 0 2 1 10 0 30 0
SrO 45 5 12 20 0 0 40
LiyO 0 0 10 0 8 0 0
Na,O 0 0 0 0 0 0 0
K->0 ] 0 0 10 0 0 0
Csy0O 0 10 0 0 0 0 0
PbO 0 5 10 8 0 0 2
ZnO 2 0 0 10 2 0 0
Zr0; 1 5 2 4 8 10 0
Ti10» 0 5 1 2 0 0 0
B>O3 9 10 10 11 1 10 8
TayOs 0 3 1 0 0 3 0
NbaOs 0 0 1.5 0 1 2 0
Metal oxides Present in Table 2

Constitution  Glass powder 32 50 40 45 41 40 37
Conductive
SnOy 68 50 60 55 59 60 63
Sb-doped 0 0 0 0 0 0 0
SnOs

Average Glass powder 4.0 3.5 2.5 1.5 3.0 2.6 3.2

particle Powder of 0.5 0.8 1.5 2.0 1.0 0.1 0.8

size (um) conductive
material

Properties Resistivity (/1)) 18K 600K 15K 320K 20K 25K 85K

- Hot TCR (ppm/°C.) — 80 -20 + 180 — 100 -+ 80 +90 — 150
Cold TCR (ppm/°C.) -70 — 40 + 160 —80 + 70 + 100 — 180
Resistivity drift +0.6 —0.5 ~0.8 +0.7 + 1.0 +0.6 +0.8
(%)
. _Examples - —

Sample No. 23 24 25 26 27 28 29

Glass 5107 17 20 12 15 12 135 12.5

composition  AbO3 3 5 1.5 3 0 8 0.5

(%) MgO 0 6 10 8 12 5 0
Ca0 0 6 10 2 4 5 0
SrO 50 6 10 10 0 8 16
L1720 0 1 2 0 0 0 0
NayO 0 I 3 2 0 0.5 0
K-O 0 1 1 1 0 0.5 0
Csy0 0 1 0 2 0 0 0
PbO 5 2 0 2 0 0 0
ZnO S 20 5 5 1 | 0
ZrQO) 0 2 0 1.5 0 0 0
TiO; 10 3 0 2.5 0 0 0
-B203 9.5 8 40 12 8 8 8
TarOs 0 1 3 15 55 0 18
NbO5 0 0 2 ] 0 30 35
Metal oxides Present in Table 2

Constitution  Glass powder 47 35 45 40 50 46 50
Conductive |
Sn0O; | 53 0 335 60 30 54 50
Sb-doped 0 65 0 0 0 0 0
SnO»

Average Glass powder 3.5 3.0 2.5 2.7 4.0 1.0 0.5

particle Powder of 0.01 0.1 1.0 2.5 1.4 1.5 5.0

stze (um) conductive
material

Properties Resistivity ((X/T0) 550K 2.5K 960K 200K ISM 15M 85M
Hot TCR (ppm/°C.) —200 —100 —250 ~— 180 —220 — 150 —250
Cold TCR (ppm/°C.) —220 —120 —200 —170 -200 — 180 —220
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TABLE 1-continued
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13 14
TABLE 2-continued
WO3; 0 0 0 2 0 0 0 0 0 0 0 0 O o0 0 O 0 0 0 0 0 0
B1;03 0 I 0 0 O 0 0 0 0 0 0 O 0 O O 0 0 O 0 0 0 0
Ce(, 0O ¢ 0 0 o 0 2 0 0 g 0 O 0 0O O 0 0 0 0 0 0 0
CoO 0 O 0 2 0 0O 0 0 O 0 0 0 0 0O O 0 0 0 0 0 0 0
Cp03 0 0 O0 I 0 0 0 0 O 0 0 0 O c 0 0O c 0 0 O 0 0
SbO3 0 O O 0 O 0 0 0 0O 0 05 § 15 11 0 0 0 0 0 0 0 0
InnO3; 0 0 0 0 0 0 05 0 © 0 0 0 O c 0 O 0 0 0 O 0 0
SO, 0 0O 0 050 0 0 0O ©0 O 0 O ©0 0O 0 ©O0 0 ©0 0 o 0
Sample _Examples _ .
No. 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
Metal NiO 0 O 0 o o o o0 o0 O0 ©0 O 0 0 0 01 510 6 4 5 0 O
Oxides FeyO3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 05 1 05 0 0 O 0 0
(wt %) CuO 0 0 0 0 0 0 0 ) 0 0 0 0 C 0 0.1 1 05 0 0 O 0 0
MnO 0 0 O 0 0 0 0 ¢c o o0 ‘0 0 0 0 01 1 3 0 0 0 0 ¢
MocO3 0 0 O 0 0 0 0 ¢c o0 © o 0 0 0 ©01 1 050 0 O 0 O
W0 0.5 0 0 0 0 0 0 0 0 0 0O O 0 0.1 1 05 0 0 O 15 0
BirO; O 17 0 0 0 0 0 0 0 0 0 0 O 0 0.1 1 05 ¢ 0 O 0 2
Ce(O g g 0.5 1(8} 0 0 0 0 0 0 0 0 0O 0 0.1 1 05 0 0 O 0 0
CoO 0 g 19 0 0 0 0 0 0 0 0 0.1 1 05 0 0 O 0 0
CrO3 O 0 0 t 0 0 10 20 0 0 0 0 ¢ 0 01 1 05 0 O O 0 0
Sv03 0 © O 0 O 0O ©0 o0 0 .0 0 0 0 0 ©0I 3 2 0 0 0 0 O
InsO3 O 0 0 0 0 0 0 0 08 5§ 20 0 O 0 0.1 1 0 0 0 O 0 0
SO, 0 0 O ©0 0 0 ©0 ©0 0 O0 0 2 S5 20 0l 1 0 0 0 0 0 O
TABLE 3 from 0 to 20 wt % of Al;03,
Examples 25 from O to 40 wt % of MgQO,
Glass Si0, 10 0 30 from 0 to 60 wt % of SrQ,
composition A O 10 15 0 from 16 to 60 wt % of MgO+CaO+SrO,
(%) MgO 0 5 5 from 0 to 10 wt % of Li;O+ Na0+K-,0+Cs20,
grﬂg ‘_12{5} %g }g 30 from 0 to 10 wt % of PbO,
Li,0 5 o 0 from O to 20 wt % of ZnO,
NasO 0 2 2 from 0 to 10 wt % of ZrO;+4TiO,,
K50 0 5 0 from 8 to 40 wt % of B,0;,
g;zoo g 0 2 either from 0.5 to 50 wt % of TayOs, or
et ; | o 35  from 0.5 to 45 wt % of NbyOs, or
7105 0 , 0 from 0.2 to 60 wt % of Ta;Os+4 Nby0Os, and
TiO» 0 1 0 from 0.1 to 20 wt % of Sb,0s.
2205 23 13 2(3] 2. A composition of matter consisting essentially of an
NT322055 5 g o inorganic component which consists essentially of
- 40 from 20 to 70 wt % of glass powder and
Metal oxides 0 0 0 4 poO
Constitution Glass powder 10 40 50 from 30 to 80 wt % of a powder selected from the
Conductive matenial group consisting of SnO; powder, Sb-doped SnO;
gﬂ%‘t 1 S0 93 63 50 powder and a mixture thereof,
A b-doped Sn0y 0 wherein said glass powder consists essentially of
verage Glass powder 3.0 2.0 1.0 from 12 to 50 % of SiO
particle Powder of 1.0 1.0 0.5 43 rom 12 t0 JU Wt 7 O 2,
size (um) conductive from O to 20 wt % of Al,QO;,
b o Eﬂt_ﬂf{ﬂ{ o , ok from O to 40 wt % of MgO,
roperties Hes.lstmty ( 1 K 00K from O to 40 wt % of CaO,
ot TCR (ppm/°C.) —2000 —1200 ~—800
- Cold TCR 2200 —1250 —900 from O to 60 wt % of SrO,
(ppm/*C.) | 50 from 16 to 60 wt % of MgO+ CaO+SrO,
gfcﬂ)lstwlty drift +150  -20  +5.0 from 0 to 10 wt % of Li,O 4 Na;O+K->0+Cs-0,
&) :

The resistor paste of the present invention can be
fired in a non-oxidizing atmosphere such as a nitrogen
atmosphere and is capable of forming a highly reliable
stabilized resistor on a ceramic substrate, and it is partic-
ularly excellent in the resistivity drift properties after
storage at a high temperature.

- What 1s claimed is: |

1. A composition of matter consisting essentially of an
inorganic component which consists essentially of

from 20 to 70 wt % of glass powder and

from 30 to 80 wt % of a powder selected from the

group consisting of SnO; powder, Sb-doped SnO»
powder and a mixture thereof,

wherein said glass powder consists essentially of

from 12 to 50 wt % of Si0,,

55

60

65

from 0 to 10 wt % of PbO,

from 0 to 20 wt % of ZnO,

from O to 10 wt % of ZrQ;+ Ti0,,

from 8 to 40 wt % of B»Os;,

either from 0.5 to 50 wt % of Ta>Os, or

from 0.5 to 45 wt % of NbOs, or

from 0.2 to 60 wt % of Ta>Os+ Nb»Os, and

from 0.1 to 20 wt % of MnO.

3. A composition of matter consisting essentially of an

inorganic component which consists essentially of

from 20 to 70 wt % of glass powder and

from 30 to 80 wt % of a powder selected from the
group consisting of SnO; powder, Sb-doped SnO;
powder and a mixture thereof,

wherein said glass powder consists essentially of
from 12 to 50 wt % of Si0»,
from O to 20 wt % of Al,QO;,
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15 16
from 0 to 40 wt % of MgO, from O to 10 wt % of ZrO;+TiO3,
from O to 40 wt % of CaO, from 8 to 40 wt 9% of B3,
from 0 to 60 wt % of SrO, either from 0.5 to 50 wt % of Ta>Os, or
from 16 to 60 wt % of MgO+Ca0O+-SrQ, from 0.5 to 45 wt % of NbsOs, or |
from 0 to 10 wt % of Li2O+NaO+Ky0+Cs20, 5 from 0.2 to 60 wt % of TayOs5+ Nb>Os, and
from O to 10 wt 9% of PbO, from 0.1 to 20 wt % of SboO34MnO.
from O to 20 wt % of ZnO, * ¥ * % X%
10
15
20
25
30
35
40
45
50
55
60

65
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